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(I) PROBLEM 
(1) The first problem in this research is the one about the effect of 
interpolated stimulus in the successive comparison. 
It has been already reported that the tendency of judgments changes 
in the successive comparison of two stimuli, of which time interval is filled 
up with the strong or weak background stimuli of the same modality. 
The first study of such interpolation was reported by Guilford and 
Park<1). Their standard stimulus was a weight of 200 gr. Three interpolated 
weights of 100, 200, and 400 gr. were introduced midway in the time interval 
of successive comparison, which was always 7 sec. The time errors were 
negative in all casses. These were strongest when the interpolated stimulus 
was 100 gr, and were weakest when it was 400 gr. 
Lauenstein<2) found similar results in judgment of sounds. When the in-
terpolated sound was loud, the trace of first stimulus was strengthend, so 
the time error tended to be positive. But when it was soft, the effect was 
inverse. He interpreted these results through the trace assimilation theory. 
Before this, KohlerO) explained the phenomena of negative time error 
through the sinking trace theory. The memory trace of first stimulus is, 
according to him, weakened with time by the metabolism. After that, 
this weakened trace will have the functional relation with the actual impres-
sion of second stimulus, so that we can understand that there occurs the 
overestimation of second stimulus, namely, the negative time error. On the 
other hand, Lauenstein<2) doubted the concept of merely sinking or fading 
of trace. From the facts of that the trace of first stimulus was attracted 
upward toward a loud interpolated stimulus, downward toward a soft one, 
he suggested the assimilation theory of trace. The trace of first stimulus 
is assimilated to or toward the interpolated stimulus. An empty time in-
terval, he considered, is a zero stimulus in which the trace of first stimulus 
not merely sinks in a passive way, but is attracted to the zero interpolat-
ed stimulus. 
However, the later evidence indicated that both assimilation and sink-
ing factors are also genuine: it was Partt<4) who integrated both factors. His 
experiment was made about the comparison of sound intensities by the 
use of a sound pendulum. His standard stimulus was angle 45° of the 
pendulum. The time interval was constant at 4 sec. The resuls of PSE 
came out as fallows : 
Case 1: Interpolated sound; loud••••••••••••• -48.19° 
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Case 2: Silent interval · • .. · • · • · · .. · • • • .. • • - • • -44.14° 
Case 3: Interpolated sound; soft·•••••••••••• -42.19° 
According to Lauenstein's theory, the amount of negative time error 
should appear the greatest in the case of silent interval, because the most 
frequent amounts of assimilation will occur in this case. But the above re-
sults show the greatest negative time error when the interpolated sound 
was soft. This is clearly not consistent with Lauenstein's suggestion. 
However, Pratt explained this inconsistency skillfully through two theories 
of assimilation and sinking. That is, the trace of first stimulus will sink 
with the simple sinking processes when there are no interpolated stimuli 
(Kohler), and will assimilate to or toward the background stimuli when 
there are the interpolated stimuli between the pair of stimuli (Lauenstein). 
Now, what kind of results can we expect if we take the heteromodal 
stimuli as the interpolated stimuli. Pratt's data in 1936t5> relate to this 
problem. He filled the interfield of two stimuli with strong or weak hetero-
modal stimuli, but with no such an effect as we expect from the results 
of the same modality interpolations. That is, we can expect the positive 
time error in the interpolation of strong stimuli and the negative one in 
the weak stimuli. But his averages of both conditions actually obtained 
were -0. 16 and -0. 18 respectively. Therefore, we can not find the effects 
of interpolations. But I did not know about Pratt's paper at first, and only 
after the experiments I obtained the Pratt's paper from Tokyo. 
(2) Next, as the problem 2, we treat the intersensory relationships. 
While we have a sensation (primarily sensation) about a stimulus, we have 
another heteromodal sensation about another stimulus (secondary stimulus), 
then it has been said that the sensitivity of primarily sensation changes. 
But the directions of change is not regular. The effects of secondary 
stimuli are either facilitative or inhibitory. 
For instance, Hartmann<6, 7> reported that highly bright general illumina-
tions increased (by 3 %) the scores for Seashore records for pitch and in-
tensity discrimination, as compared with a 'dark' condition with a dim 
light. But, afterward, a few criticisms appeared about his treatement<8>. 
Cason<9> reported that if the occurrence of secondary stimuli coincided 
with the occurrence of primarily sensations, the sensitivity of primarily 
sensations was facilitated in the succesive comparison of sound and light. 
Child and Wendt00> studied particularly the effect of the temporal in-
terval between a flash of light and a sound, determining the auditory 
threshold. The facilitative effect of the light was greatest when it occurr-
ed from O to 0. 5 or 1. 0 sec. before the sound. 
On the contrary, the secondary stimulus may work inhibitory. In 1952, 
Gregg and Brogden<u> reported a well designed experiment. They divided 
the subjects into tow groups, the subjects of one group instructed to give 
a verbal report about the changes of the light patch which was mounted 
in front of a subject, and the other was instructed nothing upon the light 
stimulus, while measuring the threshold value about a 1000-cycle tone. In 
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the group of verbal report upon light stimulus, the auditory acuity was 
decreased, but that of the other was facilitated. They considered these 
results as depended on the differences of set which was introduced by the 
two different instructions. 
Similar inhibitory effect of secondary stimulus as well as Gregg and 
Brogden was shown by Kravkov<12). Ryan<m and Gilbert<14 ) reviewed the 
hitherto reported data in this area. 
We take the lifted weight as the primarily stimulus and the pure tone 
as the secondary stimulus. What kind of results can we expect about the 
intersensory effect measured by the successive comparison of lifted weight? 
This is the second problem. 
(3) We have studied the p-function of time-error previousely under 
the title of "Time-error in the successive comparison of lifted weight". Our 
obtaind curve of p-function was almost similar to that of Kohler. But the 
indifferent point which is the transition point from positive to negative 
error was the time interval of 7 sec. This value is very large in compari-
son with the previous reports of time-error. We suspected that such result 
would come from the process attitude05) of subjects (close one's eyes) on 
account of the experimental apparatus. Therefore, it is necessary to call for 
the stimulus attitude in subjects (open one's eyes) through the use of turn-
ing table, and to compare it with the result of previous experiment. This 
is the third problem. 
(II) APPARATUS AND PROCEDURE 
a. Turning table 
All experiments were carried out in the sound-proof room. At first, 
the subjects put on the receiver and sat down comfortably at the turning 
table and rested the right hand on the elbow-rest. The height and position 
of the turning table could be changed suitably in proportion to the physical 
construction of subjects. The subject was separated from the experi-
menter by the carton. The visible area of turning table at the subject was 
about 1/6 of the total areas, and the table was illuminated in 25 lux by 
the lamp which was mounted over the head of subject. The weight stimulus 
appeared through the left side door and disappeared through the right 
side door. Through the right side door, the experimenter could see the 
subject's hands, because the chair of subject was set heigher than the one 
of the experimenter's. The turning table and experimental apparatus are 
shown in Fig. 1. 
b. Weight stimuli 
The standard weight : 100 gr. The seven comparison weights: 88, 92, 96, 100, 
104, 108 and 112 gr. As shown in Fig. 2, the weight boxes are two wooden 
cylinders. One was regulated in 80gr. and the other was 100 gr. We con-
structed all eight stimuli through putting in and out the four weights of 
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Fig. 1. Experimental Apparatus 
(Turnir.g Table) 
A : Turning table 
B : Weight stimulus 
C : Mat for weight 
D: Carton 
E : Elbow-rest 
F : Chair of subject 
G: Chair of experimenter 
H: Lamp 
I : Spot light of time regulator 











Fig.2. Weight Stimulus 
4, 8, 12 and 16 gr. at every com-
parison. The weights were al-
ways lain on the mat. 
c. Tone stimuli 
The tone stimuli w ere the 
pure tone. The low cycle oscillator 
R-C 2K was used. The loudness 
of tones was regulated in 80 
phon by the attenuator and the 
voltmeter. The receiver of the 
subject was type SF-48, 4000 n 
and the one of the experimenter's was type SF-48, 2000 n. The receiver was 
always put on through the experiment. 
d. Time regulation 
The duration of lifting of the weight was 3 sec. The time interval was 
9 sec. ±0. 5 sec. The tone stimuius was interpolated at the various position 
of the time interval for 3 sec. The rest interval was over 20 sec. The time 
regulation was controlled by the experimenter to rotate the turning table 
matching with switching on and off of the spot light which was arranged 
on the experimenter's table and was controlled by the time regulator which 
was provided for in the next room. But it is very difficult to control thorough-
ly the time interval in the experiment of lifted we ight. So it was necessary 
to train the subjects till the lifting duration of 3 sec. would be established, 
and we report the time interval as 9 sec. ±0. 5 sec., because we supposed the 
distribution of time interval would be normal and the average of normal 
curve was 9 sec. and the deviation was ±0. 5 sec. 
The block diagram of experimental apparatus is shown in Fig. 3. 
e. Procedure in general 
When the subject sat down according to the instructions, the experi-
menter sent smoothly the first weight to the subject's hands by the rotation 
of the tuxning table. The subject took a pinch of the handle of weight 





with the thumb and the other 
three fingers (like Fig. 2), and lifted 
the weight until it came to the 
suitable height. The lifting dura-
tion time was 3 sec., after the 
lifting, the subject loosened his 
hand and opened the fingers slight-
ly and waited the second stimulus. 
The subject was not tired during 
the experiment because the sub-
ject's hand lay on the elbow-rest. 
After the 9 sec. ±0. 5sec. interval, 
the experimenter sent the second 
stimulus to the subject's hands 
between the thumb and the other Turning. 
t,,hJe three fingers, when the turning 
We,9M 
St;mulus table stopped, the subject lifted 
Fig. 3. Block Diagram of Experimental the weight also for 3 sec. and 
Apparatus compared the second weight with 
standard weight which had been already memorized and judged second 
weight was clearly heavier, heavier, equal, lighter, or clearly lighter 
verbally (the method of five categories). In these cases, the important things 
were that the subject took the stimulus attitude, namely, the subject lifted 
the weight fixing an eye on the stimulus continuously. The order of stimulus 
presentation was at random, the numbers of judgment to one stimulus pair 
were 6, and the treatment of the figures depended upon the method of 
complete series. 
f. Rating scale about the tone stimuli 
Low ''---~--~---~-~' High 
Loud '---~--~---~-~' Soft 
Light'---~--~--~--~' Heavy 
Fig. 4. Example of Rating Scale 
at every ends of one series. 
(III) EXPERIMENT I 
PROBLEM 
How the subjects heard 
the tone stimuli ? In order 
to assertain this question, 
we required the rating 
scale about the impres-
sions of tones like Fig. 4 
We study the effect of tones on the successive comparison of lifted 
weight. The tones are interpolated between the first stimulus and the 
second stimulus of the lifted weight, and are a higher pure tone of 1000 
cps and a lower pure tone of 200 cps. Namely we study the effect of pitch 
on the comparison of lifted weight. 
EXPERIMENTAL DESIGN 
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The temporal design of the stimulus presentation is as follows. 
1• - Time Interval _ __,1---L_ 
9±0. 5sec. 
1 st Stimulus 2nd Stimulus _._ 
{ 200-cycle Interpolated Tone lOOO-cycle 
sec. 
1- 3 • ]<- 3 • /<--- 3 • /<- 3 • ,<- 3 •: 
Fig. 5. Schematic Diagram of Experimental Conditions of Experiment I 
The experimental conditions : 
{
1. Control series (No interpolated tone) 
1. Tone conditions 2. 200-cycle interpolated tone 
3. 1000-cycle interpolated tone 
2. Orders of presentation and Sequences 
Orders of presentation 
Trial 1 Trial 2 
{ I Control 200-cycle 
Seq. II Control 1000-cycle 




The subject were 6 female and 6 w::i.le students of psychology of Tohoku 
Univ. The total were 12. 
4. R.est periods 
The rest periods were the period between trial 2 and trial 3 and were 
made up by the 3 groups of 1 hour, 1 day and 31 days. 
Table 1 shows the experimental design which includs above 4 factors. 
Table 1. Experimental Design of Experiment I 
~-Subjects[ 
1 2 Rest 3 
S Series Periods 
---- --
eq.-~ Control 200 cps 1000 cps 
0 - -- 1 hr. -• - - -
0 - - 1 day -I • - - -
0 - - 31 days -• - - -
I Control ! 1000 cps ] 200 cps 
0 - - 1 hr. -• - - -
II 0 - - 1 day -D -- - -
0 - - ! 31 days 
I 
-
• - - -
After one series had been finished, the subject was required the rating 
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scale about the tone impressions. 
The experiment was carried out from October to December in 1954 in 
the sound-proof room of our labolatory. 
RESULTS 
A. Analysis of the PSE 
We obtained the PSE according to Pauli's method and the figures are 
shown in the Table 2. 
Table 2. Results of PSE of Experiment I 
1~ Series I Seq. ~K Control 200 cps 1000 cps Sub 
K. 0. 0 95.33 96.00 96.33 
S. I. • 99.33 102.00 98.00 
H. 0. 0 97.33 96.33 100.00 
I K. s. • 100.67 98.67 101.00 
I. s. 0 98.33 96.00 98. 67 
K. I. D 98.00 98.67 98.67 
Means 98.17 97.95 98.67 
T. s. 0 I 100.00 100.67 99.33 
A. K D ! 97.33 92.67 99.33 
M. I. C 98.67 97.67 102.00 
II A. T. D 98.67 100.00 100.00 
M. F. 
I 
Q 102. 00 101. 33 103.67 
H. A. D 100.00 100.33 101. 67 
Means 99.56 98.78 101. 00 
Means 98.87 98. 37 99.84 
To Table 2, we can not apply immediately the factorial analysis of 
which 3 tone conditions are involved, because the control series was carri-
ed out at first in each sequence. Therefore, now we apply the data to the 
analysis of variance excepting the control series, supposing that the di-
stribution of figures will be normal. The summary of the analysis of 
variance is shown in Table 3. 
a. Time error 
The value of time error which is shown in the time interval 9sec. is 
about -1. 13 in the control series. This value seemed to support the result 
of p-function which I have obtained in the lifted weight experiment previous 
ly. That is, the value of previous experiment in which the subjects were 
required to assume the process attitude (close one's eyes) which was -1. 10 
at the time interval 8 sec. And the one of present experiment in which 
the subjects has assumed the stimulus attitude (open one's eyes) is -1.13 
at the time interval 9 sec. It will be clear that the value of time-error is not 
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Table 3. Summary of Results of Analysis of Vaniance for 






{ ~etween subjects 
























1 13.9995 3.31 





so great even in such a long time interval 9 sec. When we arranged the 
conditions of experiment carefully, the attitude of subjects had little effect 
on the time-error of the lifted weight judgment. We found also the same 
results in Experiment II and III. 
b. Effects of tone 
When we put the figures of PSE of each condition in the order of 
values, we obtain the following orders. 
1000-cycle · • · • · · · • · · · · · · · · · · · · · · · · · · · · 99. 84 
Control· • · · · · · · · · • • · · · · · · · · · · · · · · · · · · 98. 87 
200-cycle · • · • · · · · · · · · · · · · · · · · · · · · · · · · 98. 37 
From these orders, we see that the PSE of lifted weight judgment is 
inversely influenced by two pure tones. That is, the second stimulus is 
slightly underestimated by the 1000-cycle tone, and is remarkably under-
estimated by the 200-cycle tone. But the differece between the two averages 
of PSE does not meet the requirements of significance at the 5 % level 
But the important thing is the relative differences between the PSE of 
control series and the one of tone series. We test the differece between 
the PSE of control series and the one of 1000-cycle tone and between the PSE 
of control and the one of 200-cycle tone by t-test, because the orders of 
presentation are not equivalent in the control as the other two tone conditions. 
There is the significance at the 2 % level between the control and the 1000-
cycle tone series, but the obtained value of t between the control and the 
200-cycle tone series and also between the 200-cycle and the 1000-cycle tone 
series does not meet the requirements of significance at the 5 % level. In 
other words, we can say that the effect of 1000-cycle tone is remarkable, 
but the one of 200-cycle is not. We think thesr results will be clearly 
understood if we consider these results in connection with the rating scale 
of 200-cycle tone and the temporal position of the interpolated tone. But 
these t-tests are not the satisfactory analysis. 
c. Sequences and Sex difference 
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Supporsing the effect of the tone will appear remarkably by the con-
trast effect of the two tones if the subjects had the first experience about 
either the 1000-cycle tone or the 200-cycle tone, we try the test between 
two sequences, but we can not obtain the statistical significance. 
Also, we suppose the sex difference on the tone impressions. Accordig-
]y we have used the 6 female and 6 male subjects. But we can not fined 
the sex differece in the effect of tone on the weight judgment. 
But these results seemed to make the suggetion to help the design of 
following experiments. 
B. Effects of rest periods 
We suppose that the longer the rest period is, the weaker the effect 
of tone will appear by the contrast effect. Under such supposition, we 
designed the 3 rest periods ; 1 hour, 1 day and 31 days. But the effects of 
rest periods did not appear. Let us show the figures of these conditions in 
Table 4. 
Table 4. Results of Effect of Rest Periods. (PSE of 1000-cycle 
Tone Condition PSE of 200-cycle Tone Condition) 
R~~t~-?eq. I II 
I 
Means 
Periods ' '·· 
" 0.33 0 -1. 34 
I 
1 hr. (__) 0.41 
• -4.00 • 6.66 
I day C 3.67 0 4.33 
I 
2.58 
• 2.33 • 0.00 I 
~ 2.67 0 2.34 
I 
31 days ,_,; 1. 59 
[J 0.00 • 1.34 
Me:ins 0.83 2.22 
I 
C. Average differential limens and Dispersions 
Table 5. Results of Average Differential There are no effects of 
tone on the average di-Limen 
"·-..._, __ Series I 
Seq. ···~ 
Control 200 cps 




be proper. Let us show each average 
Table 5. 




fferential limens and the 
dispersions. It appears to 
us that to study the effect 
of tone on the differetial 
limens by the method of 
complete series will not 
of the average differential limens in 
How the subjects heard 200-cycle and 1000-cycle 80 phon tones? 
We required the rating scale about the impressions of tones. The re-
sults are shown in Table 6. 
We obtain the satisfactory data in this Table6. Above all, let us notice 
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Table 6. Results of Rating Scale (For example, the figures show 
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to the reversed evaluations about the 200-cycle and the 1000-cycle tone in 
the louder-softer and heavier-lighter items. Especially, the ratio of scaling 
of "heavier" about the 200-cycle tone is lower than the one of "lighter" 
about the 1000-cycle tone (75 % : 80 %). In other words, the heavier impres-
sion of 200-cycle tone is not so great as the lighter impression of 1000-cycle 
tone. As a matter of fact, a 200-cycle tone is not enough lower. We can 
understand, therefore, the dynamogenic effect of 200-cycle tone will be 
weaker than the one of 1000-cycle tone. 
DISCUSSIONS 
We can summarize the results of Experiment I as follows: When the 
1000-cycle or the 200-cycle tone was interporated between weight stimuli in 
the successive comparison, the 1000-cycle tone let the second stimulus re-
markably overestimate and the 200-cycle tone let the one slightly underes-
timate, in comparison with the control series. However, according to the 
statistical test, we can not find such an effect in the 200-cycle tone series, 
but can find only in the 1000-cycle tone series. 
About these results, we discuss as follows; 
I. What kind of attributes of the tone gives such an effect? And how 
does the tone give such an effect? 
Perhaps, it will depend upon the attribute of pitch, because we have 
regulated the loudness of the tones to be constant at 80 phon. From the 
results of rating scale, it seems better to think that the 1000-cycle tone 
which was scaled as "lighter tone" changes the subjects to judge the in-
fluenced weight "lighter. " 
When the interpolated stimuli are homogeneous, we consider the as-
similation of the trace of first stimulus to the interpolated stimuli like the 
results of Lauenstein. But when the interpolated stimuli are heteromodal 
like this experiment, we can not apply this assimilation hypothesis, because 
if we regard the interpolated 1000-cycle tone as the lighter interpolated 
weight we must expect the opposite results to this experiment. Consequent-
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ly, it may be appropriate to consider that an impression of interpolated tone 
as the heteromodal stimulus has the proactive effect on the second stimulus 
of lifted weight. Namely, the influenced weight is the second stimulus. 
2. The next prcblem is that why the tone stimulus should be consider-
ed to connect with the second stimulus, in spite of the interpolations just 
at the middle position objectively in the time interval. But it will be easily 
understood if we consider as follows. 
An impression of weight will be perceived just at the moment of lifting 
of the stimulus, then, we can understand that the psychological distance 
between the first stimulus and the interpolated tone is longer than that 
between the second stimulus and the tone, even if the tone is interpolated 
just at the middleposition in the time interval. Consequently, the interpolat-
ed tone is connected not with the first stimulus, but with the second 
stimulus, because it is natural that A will be combined not with C in the 
distance, but with nearer B. However, in this Experiment I, the differece 
of the two distances between the tone and two weight stimuli was not 
enough, so that we could not obtain the clear results. On this point we shall 
discuss more detail in Experiment II. 
3. The third problem is that the effect of 200-cycle tone is weak. But 
this is also easily understood. 
If we compare the results of rating scale, we find the 200-cycle tone 
is not so enough lower in pitch. So that the dynamogenic effect of 200-cycle 
tone will be weak, moreover it appears to us weaker because of the imperfect 
control of the factors of distances. If the tone was lower than 200-cycle, 
the effect of tone would appear clearly. We must design the supplementary 
experiments. 
(IV) EXPERIMENT II 
PROBLEM 
From the results of Experiment I, we can suppose that the tone will 
have the effect of retroative connection with the first stimulus of weight, if 
the tone is interpolated near the first stimulus, and that the effect of proac-
tive one, if the tone is interpolated near the second stimulus. Then, we 
planned Experiment II to evidence it. 
EXPERIMENT AL DESIGN 
The interpolated tone was a 1000-cycle 80 phon tone. we did not use a 
1. Control Series _I 
1 st Stimulus 
Interpolated 
1000-cycle Tone 
2. Just Behind 1st St. 
3. Just Before 2nd St. 
sec. 
I<- 3 .... ) <- 3 .... I <- 3 .... 1 <- 3 .... I<- 3 ->I 
Fig. 6. Schematic Diagram of Experimental Conditions of Experiment II 
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200-cycle tone because the effect of it had been weak. The tone was in-
terpolated in two positions of time interval, so that we get the 3 conditions 
as in Fig. 6. 
1. Control series (No interpolated tone) 
2. Interpolated just behind the first stimulus 
3. Interpolated just before the second stimulus 
The orders of presention of these 3 conditions were 3 ! =6 cases. To 
eacn of 6 cases the 6 subjects were assigned, they were graduated male 
students of psychology. This experimental design was similar to the block 
design method of agriculture. The individual difference was corresponded 
to the block and the order of presentation was corresponded to the order 
of arrangement. This experiment was carried out in the sound-proof room 
of our laboratory, from January to February in 1955. 
RESULTS AND DISCUSSION 
From the results of Experiment I, we are going to discuss the PSE 
only in the following experiments. The results of PSE is shown in Table 7. 
Table 7. Results of PSE of Experiment II 
\~Series I Control / Interpolated Justl Interpolated Just 
Se~e::t~ Behind 1st St. Before 2 nd St. 
I 
I K. 0. 100.34 98.67 100.34 
2 T. s. 93.67 98.67 100.00 
3 T. K. 99.00 98.34 99.67 
4 S. T. 99. 67 98 00 103.67 
5 M. I. 99.67 98.34 100.34 
6 Y. K. 99.00 98.34 100.34 
Means 99.56 98.39 100. 73 
We apply the analysis of variance to the data of Table 8 and test for 
significance of the experimental variables. The summary of this analysis is 
shown in Table 8. 
Table 8. Summary of Results of Analysis of Variance for PSE 
of Experiment II 
Source of I Sum of Squares i df I Mean Square F Variation I ' I ! 
Tone conditions 16.3334 2 8.1667 16. 38** 
Individual 3.8460 5 0.7692 differences 
Residual 4.4985 10 0.4985 
Total 24.6779 17 
** F(0. 01)=7. 56 
And the results of rating scale about the 1000-cycle 80 phon tone are 
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shown in Table 9. 
The results are favorable to our expecta-
tions. When we put the avearages of PSE of 
each condition in order of value, we obtain the 
following orders : 
Just before the 2nd stimulus • • • • • -100. 73 
Control series · • • • • • · • • • · • · • · • • • • • · • 99. 56 
Just behind the 1 st stimulus • • • • • • 98. 39 
Between these 3 series, there is a significant 
difference at 1 % level. The individual differences 
do not appear. That is, if the 1000-cycle tone 
followes just behind the first stimulus, it has 
the negative effect on the PSE, but if it appears 
just befor the second stimulus it has the positive effect on the PSE. We 
suppose that these effects would come from the factors of distances. If the 
interpolated 1000-cycle tone is near the first stimulus psychologically, it has 
the retroactive effect on the trace of the first stimulus, so that the second 
stimulus is remarkably underestimated. It the 1000-cycle tone is interpolat-
ed near the second stimulus, it has the proactive effect on the actual impres-
sion of the second stimulus, so that the second stimulus is overestimated. 
And, from the results of rating scale, we suppose that the 1000-cycle tone 
which was scaled "lighter tone'' changes the subjects to judge the influenc-
ed weight "lighter." 
Miiller and Schumann<16) proposed the "set" theory for the understand-
ing of time-error. That is, the subejct prepares to lift the comparison 
stimulus with a muscular force just previously found adequate for lifting 
the standard stimulus. If the comparison stimulus comes up quickly, it seems 
light and is overestimated than standard stimulus. Payne and Davis<m 
obtained the favorable data to this set theory by the electromyographic 
study and they suggested that the set theory might better be stated 
in peripheral terms than in terms of a central set. Davis08) reported that 
the electromyographic activities of muscle was changed by the strong 
auditory stimuli. According to these papers, we may explain the results of 
this experiment by the set theory, though not with sufficient clarity. But we 
can not expect to have any satisfactory explanation utilizing references on 
hand. But the future electromyographic studies may hold the key to the 
solution of these results. 
(V) EXPERIMENT III 
PROBLEM 
In Experiment I and II, we interpolated the heteromodal stimuli in the 
interfield between the two stimuli. In this Experiment III, we give the tone 
stimulus simultaneously when the subject lift the first stimulus or the second 
stimulus. We can expect that the effects of tone will appear remarkably. 
EXPERIMENT AL DESIGN 
The tone stimulus was a 1000-cycle 80 phon tone. The temporal design 
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and the experimental conditions are shown in Fig. 7. 
I. Control Series _I ._ _________ I I __ _ 
1 st Stimulus 2nd Stimulus 
Tone: l0OOcps • 
2. Given the Tone with 1st St. 
3. Given the Tone with 2nd St. 
sec. 
I .- 3 - I <----- 9 ---- I <-- 3 -" I 
Fig 7. Schematic Diagram of Experimental Conditions of Experiment III 
1. Control series 
2. Given the tone during the subject lifts the first stimulus 
3. Given the tone during the subject lifts the second stimulus 
In the same way as Experiment II, the block design method was used. 
6 subjects were assigned to each 6 orders of presentation of 3 conditions. 
These subjects were 3 female and 3 male students of psychology. The ex-
periment was carried out in the sound-proof room, in July of 1955. 
RESULTS AND DISCUSSION 
One female subjects was frustrated midway, so that a part of data 
was missed. Each obtained PSE of 5 subjects are shown in Table 10. 
Table 10. Results of PSE of Experiment III 
Control I Given the Tone Given the Tone i with 1st St. with 2nd St. 
1 I. s. 0 98.33 97.00 99.00 
2 K. I. 0 99.67 99.67 99.67 
3 I. K. • 98.00 95.00 101. 67 
4 T. 0. • 97.34 94.67 101. 67 
5 M.M. • 99.33 99.33 101.00 
Means 98.53 97. 13 100.60 
Table 11. Summary of Results of Analysis of Variance for PSE 
of Experiment III 
Source of I Sum of Square I df Mean Square F Variation 
Tone conditions 30.4394 2 15.2197 5.8618* 
Individual 10. 6770 4 2.6692 differences 
Residual 20. 7711 8 2.5964 
61. 8875 14 
* F(0. 05)=4. 46 
The Effect of Tone on the Successive Comparison 45 
Table 12. Results of Rat-
ing Scale. 
Items of Ratio Scaling 








The summary of analysis of variance between 
3 conditions is shown in Table 11. 
And the results of rating scale about the 
1000-cycle 80 phon are shown in Table 12. 
The results are as we expected before. When 
the 1000-cycle tone was given simultaneously 
with the first stimulus, there occured the strong 
negative time-error by the underestimation of 
second stimulus. When the tone was given with 
the second stimulus, there occourred the weak 
positive time-error, in comparison with the level 
of control series. 
These results are almost similar to Experi-
ment II. We shall have the evidence of retroactive 
and proactive effects of tone. Namely, when the tone is interpolated near 
the first stimulus, the tone connects with the first stimulus retroactively, 
and when it is interporated near the second stimulus, it connects with 
the second stimulus proactively. The 1000-cycle tone which was scaled as 
"lighter tone" changes the subject to judge the influenced weight "lighter. " 
SUMMARY AND CONCLUSIONS 
(1) The effects of interpolated stimuli in the successive comparison. 
(2) The inter-sensory relationships. 
(3) The problems of time error. 
According to the above three major problems, we designed the three 
experiments. We used the weight as the primary stimulus and used the 
tone as the secondary stimulus. What kind of effects of tone could be ex-
pected if the tone was interpolated in a few position of time interval of 
successive comparison of lifted weight. 
Including the problems of preliminary experiment, Experiment I was 
designed. The 200-cycle and 1000-cycle tones were interpolated for 3 sec. 
just at the middle position in the time interval of 9 sec. 
Developing the hypothesis of Experiment I, we designed Experiment II 
which was consisted of two conditions. The 1000-cycle tone was interpolat-
ed (1) just behind the first stimulus for 3 sec., or (2)just before the second 
stimulus for 3 sec. 
Experiment III was designed for the purposes of assertaining the re-
sults of Experiment II. The 1000-cycle tone was given simultaneously when 
the subject lifted the first or second weight. 
We summarize the results of the above three experiments as follows: 
(1) The effects of tone on the weight perception occurred clearly (Exp. 
I, II and III). 
(2) The first or second weight, which was nearer to the 1000-cycle 
tone were judged lighter. The 1000-cycle tone was reported by the subjects 
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as a "lighter tone" in scaling. Consequently, the 1000-cycle tone changed 
the subjects to judged the influenced weight "lighter" (Exp. I and II). 
The 200-cycle tone influenced also on the perception of the weight. But 
we could not say statisticaly that the 200-cycle tone had such an effect also. 
The results of rating scale about the impressions of 200-cycle tone was not 
enough scaled as a "heavier tone" (Exp. I). 
(3) The interpolated 1000-cycle tone worked proactively (Exp. I and II) 
or retroactively (Exp. II) to the temporarily nearer weight. 
(4) If the 1000-cycle tone was given simultaneously in the lifting weight, 
the influenced weights were judged "lighter" (Exp. III). 
(5) No individual differences appeared in all experiments. 
(6) There occured the weak negative time error about -1.13 in the 
time interval of 9±0. 5 sec. of the lifted weight comparison (Exp. I, II and 
III). 
(7) The future electromyographic studies may hold the key to the 
solution of these results. 
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RÉSUMÉ 
(1) Les effets de stimulus interpolés dans les comparaisons successives. 
(2) Les liaisons intersensorelles. 
(3) Les problèmes de l'erreur de temps. 
A propos de ces trois problèmes principaux, nous avons désignés trois 
expériences. Nous avons employé le poids comme le primier stimulus et le 
ton comme le second. Nous avons observé quelles sortes d'effet du ton 
pourraient être espérées si le ton a été interpolè en quelques positions du 
temps interval de comparaison successive du poids élevé. 
Comprenant les problèmes de la première expérience !'Expérience I a 
été désignée. 
Les tons de 200 d. v. et de 1000 d. v. ont été interpolés à 3 sec. exactement 
à la position centrale dans le temps interval de 9 sec. 
En développant l'hypothèse de l'Expérience I, nous avons designé l'Ex-
perience II. Le ton de 1000 d. v. a été interpolé exactement derrière du 
premier stimulus à 3 sec., et exactement devant le second stimulus à 3 sec. 
L'Expérience III a été désigné afin d'affirmer les résultats de !'Expérience 
II. Le ton de 1000 d. v. a été donné simultanément quand les sujets ont élevé 
le poids. 
Nous résumons les résultats de ces trois expériences comme suit : 
(1) Les effets de ton sur la perception de poids se sont produits claire-
ment (Exp. I, II et III). 
(2) Les poids enfluencés ont été jugés par le ton de 1000 d. v., qui ont été 
mesurés comme "le tone plus léger." Par conséquent, le ton de 1000 d. v. a 
changé un groupe de sujets de juger l'enfluencé poids "plus léger (Exp. I 
et II). 
Nous n'avons pu dire statistiquement que le ton de 200 d. v. eussent aussi 
un tel effet. Les résultats de la mesure d'estimation sur les impressions du 
ton de 200 d. v. n'avaient pas été mesurés suffi.sament comme "un ton plus 
lourd." 
(3) Le ton interpolé de 1000 d. v. a opéré proactivement (Exp. I et II) ou 
rétroactivement (Exp. II) au poids temporellement plus proche. 
(4) Si le ton de 1000 d. v. a été donné simultanément à l'action de lever 
du poids, les poids enfluencés avaient été jugés "plus léger" (Exp. III). 
(5) Les différences individuelles ne se sont pas apparues dans toutes 
les expériences. 
(6) Là s'est vu l'erreur négative affaiblie du temps cir. -1.13 dans le 
temps interval de 9±0. 5 sec. de la comparaison du poids élevé (Exp. I, II et III). 
(7) Les recherches éléctromyographiques en avenir donneraient la clef 
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a la solution de ces resultats. 
ZUSAMMENFASSUNG 
Nach folgenden drei Problemen haben wir drei Versuchungspläne ent-
worfen. 
(1) Die Wirkung des dazwischenkommenden Reizes im sukzessiven 
Vergleich. 
(2) Das Verhältnis zwischen zwei Empfindungen. 
(3) Das Problem des Zeitfehlers. 
Als den primären Reiz verwenden wir das Gewicht und als den sekun-
dären den dazwischenkommenden Reiz des Tons. Was für eine Wirkung 
kommt durch den Ton hervor, wenn der Ton im zwei sukzessiven Gewicht-
vergleich hineinkommt? 
Im Vorversuch sowie im Hauptversuch I, lassen wir 3 Sek. klingenden 
200 Htz Ton oder 1000 Htz Ton im zweiten Drittel vom 9 Sek. Intervall 
hineinwirken, während zwei Gewichte nacheinander hebend vergleichen 
werden. 
In dem Hauptversuch II lassen wir den 1000 Htz Ton gerade nach dem 
ersten Reiz in 3 Sekunden hineinklingen (1), oder denselben Ton gerade vor 
dem zweiten Reiz in 3 Sekunden hören (2). 
Im Hauptversuch III lassen wir den 1000 Htz Ton geben, gerade als Vp. 
das erste oder das zweite Gewicht hebt. 
Die Versuchsresultate der drei Hauptversuche können wir kurz in 
folgender Weise zussammenfassen ; 
(1) Die Wirkung der Töne auf den Gewicht-vergleich tritt deutlich 
hervor (Hauptversuch I, II und III). 
(2) Das erste oder zweite Gewicht, welches zum 1000 Htz Ton näher 
steht (gehört), wird "leichter" beurteilt. Der 1000 Htz Ton wird als ein 
leichter Ton in der nachherigen Beobachtung bezeichnet. Infolgedessen 
scheint der 1000 Htz Ton die Einstellung derVp. zu veränderen und das 
beeinflusste Gewicht als leichter wahrnehmen zu lassen (Exp. I und II). 
Der 200 Htz Ton beeinflusst die Wahrnehmung des Gewichtes. Aber 
statistisch können wir nicht solche Wirkung als allgemeingültig ansehen. 
Auch der 200 Htz Ton wird nicht im allgemeinen als ein "schwerer Ton" 
beobachtet (Hauptversuch I ). 
(3) Der dazwischenkommende 1000 Htz Ton wirkt vorwirkend (Hauptver-
such I und II), oder rückwirkend (Hauptversuch II), auf das zeitlich näher 
liegende Gewicht. 
(4) Wenn der 1000 Htz Ton mit hebendem Gewicht gleichzeitig gegeben 
wird, so wird das Gewicht als leichter beurteilt (Hauptversuch III). 
(5) Kein individueller Unterschied tritt in allen Hauptversuchen hervor. 
(6) Ein schwächer negativer Zeitfehler kommt (-1.13) in der Zwischen-
zeit 9 ±0. 5 sek. des Gewichtvergleich hervor (Hauptversuch I, II und III). 
